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ABSTRACT 

Long-term prognosis of asthma and bronchiectasis overlapped 

patients: A nationwide population-based cohort study in Korea 

 

Sang Chul Lee 

 

Department of Medicine 

The Graduate School, Yonsei University 

 

(Directed by Professor Jung-Won Park) 

 

 

Background: Asthma and bronchiectasis are common chronic respiratory 

diseases, and their coexistence is frequently observed, but not well 

investigated.  

 

Objective: We studied the impact of comorbid bronchiectasis on asthma. 

 

Methods: A propensity score-matched cohort study was conducted using 

the National Health Insurance Service-Health Screening Cohort database, 

which includes health examinees aged 40–79 years (year 2002–2003). 

From 2005 to 2008, 8,034 participants with asthma were weighted based 

on propensity score in a 1:3 ratio with 24,102 participants without asthma. 

From the asthma group, 142 participants (1.7%) with overlapped 

bronchiectasis were identified and 7,892 participants (98.2%) had only 

asthma. Clinical outcomes of acute asthma exacerbation(s) and mortality 

rates were compared within the study groups. 
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Results: Prevalence of bronchiectasis (1.7%) in asthma patients was three 

times higher than its prevalence in the general population of Korea. 

Patients who had asthma comorbid with bronchiectasis experienced acute 

exacerbation(s) more frequently than non-comorbid patients (11.2% vs. 

5.8%, P=0.007). Time to the first acute exacerbation was also shorter in 

the asthma-with-bronchiectasis group (1971.7 days vs. 2479.7 days, 

P=0.006). Although bronchiectasis was identified as a risk factor for acute 

exacerbation (adjusted odds ratio, 1.81; 95% confidence interval (CI), 

1.09–2.99), there was no significant relationship between bronchiectasis 

and all-cause or cause-specific mortality (adjusted hazard ratio, 1.17; 95% 

CI, 0.67–2.04 and adjusted hazard ratio, 0.81; 95% CI, 0.10–6.11). 

 

Conclusions: Comorbid bronchiectasis increases asthma-related acute 

exacerbation, but it does not increase the risk of all-cause or respiratory 

mortality. Close monitoring and accurate diagnosis of bronchiectasis are 

required for patients with frequent exacerbations of asthma. 

                                                         

Key words : asthma; bronchiectasis; comorbidity; mortality; morbidity; 

acute exacerbation 
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Long-term prognosis of asthma and bronchiectasis overlapped 

patients: A nationwide population-based cohort study in Korea 

 

Sang Chul Lee 

 

Department of Medicine 

The Graduate School, Yonsei University 

 

(Directed by Professor Jung-Won Park) 

 

 

I. INTRODUCTION 

Non-cystic fibrosis bronchiectasis (hereafter, ‘bronchiectasis’) is 

characterised by irreversible bronchial dilation and bronchial inflammation 

and is usually associated with chronic sputum production, bacterial 

colonisation of the lower respiratory tract, inflammation, and frequent 

exacerbations.1 With recent advances in radiologic techniques and 

increasing use of medical resources, the identified prevalence, mortality, 

and medical burden of bronchiectasis are gradually increasing.2-4 A recent 

nationwide cohort study in Korea revealed that the estimated prevalence of 

bronchiectasis during 2012–2017 was 464 per 100,000 individuals, 

implying that bronchiectasis is not a rare disease.5  

Asthma is a heterogeneous disease characterised by airway obstruction, 

airway hyper-reactivity, and chronic airway inflammation. It is usually 
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provoked or exacerbated by exercise, exposure to allergens or chemical 

irritants, weather change, or viral infections.6 In Korea, the incidence of 

adult asthma was 6.07 per 1,000 person-years in 2008–2012, and the 

prevalence was 36.3 per 1,000 people in 2014. Asthma prevalence is 

gradually increasing, and total asthma-related medical expenses reached 

645.8 million United States dollars.7-10  

The coexistence of asthma and bronchiectasis has been reported. In Korea, 

17.2% of patients with bronchiectasis had comorbid asthma.11 The 

prevalence of bronchiectasis in severe asthma was even higher (24.8% to 

67.5%).12-15 As asthma is presumed to be a predictor for the development 

of severe bronchiectasis, exploring their relationship is important. 

Furthermore, administration of oral corticosteroids (OCS) in asthma 

patients has been associated with poor outcomes, such as increased risk of 

respiratory infection or mortality.16,17 Some studies have also shown that 

coexistence of asthma is associated with increased exacerbation of existing 

bronchiectasis.18,19 However, studies on the long-term prognosis of Asian 

patients with co-existing bronchiectasis and asthma are lacking. Therefore, 

we aimed to analyse the effect of bronchiectasis on long-term prognosis in 

asthma patients.  
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II. MATERIALS AND METHODS 

1. Data source and study design 

To conduct this retrospective cohort study, we evaluated nationwide data 

using the National Health Insurance Service–Health Screening Cohort 

(NHIS-HEALS). This cohort comprised a 10% random sample from all 

health-screened participants aged 40–79 years from 2002 to 2003.20 This 

database contains fully adjudicated medical and pharmacy claims for 50 

million beneficiaries in Korea, including general demographic data, the 

10th revision of the International Statistical Classification of Diseases and 

Related Health Problems (ICD-10) codes, types of medical institutions, 

medications prescribed, medical cost, and mortality information. From the 

Korean NHIS-HEALS database, we identified all outpatient visitors or 

hospitalised individuals with asthma diagnoses (ICD-10 code: asthma 

[J45]; status asthmaticus [J46]) during 2005–2008. From the initial 

screening to the evaluation of the clinical outcomes of the study population, 

the study period was divided into 1) index period, 2) measurement period, 

and 3) follow-up periods (Figure 1).  



- 6 - 

 

Figure 1.Study scheme and measured time periods
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2. Case identification 

Participants were classified as having asthma and included in the analysis 

if they had diagnostic and pharmaceutical claim evidence. Asthma cases 

were included only when both the diagnostic and medication codes were 

simultaneously identified more than twice during the index period. 

Medication codes for inhaled corticosteroids (ICSs), inhaled long-acting 

β2-agonists (inhaled LABAs), inhaled long-acting muscarinic antagonists 

(inhaled LAMAs), fixed-dose combinations, such as ICS/LABA, inhaled 

short-acting β2-agonists (SABA), oral or patch LABA, oral SABA, 

leukotriene antagonists (LTRA), xanthine derivatives, and systemic 

corticosteroids were used to evaluate the pharmacotherapy for asthma 

patients. Patients who had an asthma diagnosis during the wash-out period 

from 2003 to 2005, or those with an observation period <1 year, were 

excluded. To better identify the impact of bronchiectasis on asthma, other 

respiratory ailments, such as chronic obstructive pulmonary disease, 

interstitial lung disease, and cystic bronchiectasis were not included in this 

study. Crohn’s disease, ulcerative colitis, and rheumatoid arthritis were 

also excluded because of possible administration of systemic 

corticosteroids for therapeutic purposes. Additionally, cancer patients were 

excluded because of interference with the mortality analysis. The 

diagnostic codes for patient selection are shown in Table 1.  
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 Table 1. ICD-10 codes for the selection of study population 

Variable ICD-10 codes 

- Inclusion criteria - 

Asthma J45, J46 

Bronchiectasis J47 

- Exclusion criteria - 

Other respiratory ailments except asthma  

and bronchiectasis 
 

- Bronchitis J40 

- Chronic bronchitis J41, J42 

- Chronic obstructive pulmonary disease J43, J44 

- Hypersensitivity pneumonitis J67 

- Pneumoconiosis 
J60, J61, J62, 

J63, J64, J65 

- Airway disease due to specific organic dust J66 

- Pulmonary heart diseases I278, I279 

- Chronic respiratory conditions due to  

chemicals, gases,  

fumes and vapors 

J684 

- Chronic and other pulmonary manifestations  

due to radiation 
J701 

- Chronic drug-induced interstitial lung disorders J703 

- Other interstitial pulmonary diseases with fibrosis J84.1 

- Pleural plaque with presence of asbestos J92.0 

- Chronic respiratory failure J96.1 

- Interstitial emphysema J98.2 

- Compensatory emphysema J98.3 

- Interstitial pulmonary disease, unspecified J84.9 

- Cystic fibrosis E84 

Systemic diseases which could administer  

systemic corticosteroids for therapeutic purpose 
 

- Crohn’s disease K50 

- Ulcerative colitis K51 

- Rheumatoid arthritis M05 

Malignancies C00-97 

ICD-10, 10th revision of the International Statistical Classification of 

Diseases and Related Health Problems
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3. Propensity score-matched cohort 

To reduce potential confounders and balance the baseline covariates, 

propensity scores were derived from the predicted probability of subjects 

with versus without asthma using a logistic regression model with 

adjustment for the following: enrolled year, age, gender, body mass index 

(BMI), smoking status, and Charlson comorbidity index (CCI). A ‘greedy 

nearest-neighbour’ algorithm was used to match patients in the two groups 

in a 1:3 ratio.21 Then, we assessed adequacy matching for no major 

imbalance of each baseline covariate by comparing the distributions of the 

propensity score.  

 

4. Charlson comorbidity index  

The CCI is a widely used prognostic model that predicts 1-year mortality 

risk depending on the individual comorbidities. Each comorbidity was 

scored as described in Table 2, and the CCI was calculated by the 

summation of the comorbidity scores. Because it was suitable for 

measuring the impact of comorbidities on mortality using the health care 

administrative database including ICD-10 codes, we adapted and analysed 

the CCI as a variable.22,23  
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Table 2. ICD-10 codes for the Charlson comorbidity index 

Disease Score ICD-10 code 

Myocardial infarction 1 I21; I22; I23; I25.2; I25.3; 

Congestive heart failure 1 I50; I11.0; I13.0; I13.2; I25.5; 

Peripheral vascular disease 1 I70-I74; I731; I738; I739; I77; I771; I790; I792; K551; K558; K559; Z958; Z959; R02; 

K55.003; K55.004; K55.010; 

Cerebrovascular disease 1 I60-I63; I65; I66; G450-G452; G458; G459; G46; I64; G454; I670; I671; I672; I674; 

I675; I676; I677; I678; I679; I681; I682; I688; I69; I60-I69; G45; G46; 

Dementia 1 F00; F01; F02; F03; F051; G30; G311; 

Chronic pulmonary disease 1 J40-J47; J67; J60-J66; I278; I279; J684; J701; J703; J84.1; J92.0; J96.1; J98.2; J98.3; 

J84.9; 

Connective tissue disease 1 M30-M36; M332; M331; M053; M058-M060; M063; M069; M050-M052; M353; 

M05; M06; M315; M351; M360; M08; M09; D86; 

Ulcer disease 1 K25-K28; K22.1;  

Mild liver disease 1 B18; K700-K703; K709; K713; K715; K717; K73; K74; K760; K762-K764; K768; 

K769; Z944; K71.0; K71.6; K71.9; K75; K76.103; B16.9; B19.9; 

Diabetes mellitus 1 E109-E111; E119; E139; E101; E131; E141; E135; E100; E11.600; E120; E121; E126; 
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E128-E131; E136; E138-E141; E146; E148; E149; E11.701;  

Hemiplegia 2 G81; G041; G820-G822; G114; G801; G802; G82; G830; G831-G834; G839; G838; 

Moderate/severe renal 

disease 

2 N03; N052; N053; N054; N055; N056; N072; N073; N074; N01; N18; N19; N25; 

I120; I131; N057; Z490; Z491; Z492; Z940; Z992/I12; I13; N00-N05; N07; N11; N14; 

N17; Q61; 

Diabetes mellitus with 

chronic complications 

2 E102; E112; E132; E142; E103; E113; E133; E143; E104; E114; E134; E144; E105; 

E107; E115; E122-E125; E127; E135; E137; E145; E147; E10.6; E10.8; E11.601; 

E11.8; E11.6; E14.5; 

Any tumor 2 C00-C76; 

Leukemia 2 C91-C95; C91.001; C95.902; 

Lymphoma 2 C81-C85; C88; C90; C96; 

Moderate/severe liver 

disease 

3 K729; K76-K767; K721; I850; I859; I864; I982; K704; K711; B15.0; B15.9; B16.0; 

B16.2; B19.0; K72; I85; Z944; 

Metastatic solid tumor 6 C77-C80; 

AIDS 6 B20; B21; B22; B23; B24; 

ICD-10, 10th revision of the International Statistical Classification of Diseases and Related Health Problems 
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5. Assessment of asthma severity and drug adherence 

Asthma severities and drug adherence were evaluated during two 

measurement periods: for 1 year after the first asthma diagnosis and for 1 

year before the first acute exacerbation. Using the claims database, it is 

difficult to clearly distinguish the precise dosage of ICS or ICS/LABA, 

which is the mainstay of the stepwise approach for asthma treatment.24 

Hence, we used an operational definition of asthma severity, used in 

previous studies.25-27 Asthma severity was classified into three exclusive 

categories: mild, moderate, and severe. Patients who were prescribed at 

least one asthma medication, excluding ICS/LABA inhalers, low-dose 

systemic corticosteroids (defined as a prednisolone equivalent <10 mg/day 

for at least 2 weeks), and tiotropium, were defined as ‘mild’. Patients who 

were prescribed a low-dose or high-dose ICS/LABA inhaler, but not 

tiotropium or low-dose OCS, were defined as ‘moderate’. Patients who 

received both ICS/LABA inhaler and at least one prescription of tiotropium 

or a low-dose OCS were defined as ‘severe’. 

Drug adherence was measured with the medication possession ratio (MPR) 

for asthma medications.28,29 The MPR was calculated as the sum of the 

day’s supply for medication fills divided by the time from the first fill until 

the end of the measurement period. Each MPR ratio was categorised into 

three adherence groups as follows: low adherence (MPR<0.5), medium 

adherence (MPR, 0.5–0.79), and high adherence (MPR≥0.8). 
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6. Clinical outcomes 

The primary outcome was the all-cause or cause-specific mortality rate 

among the study groups. Other clinical outcomes related to acute asthma 

exacerbation, such as incidence rate, frequency, time to first exacerbation, 

visit routes, and intensive care unit admission rate, were also evaluated. 

Acute asthma exacerbation was defined as the presence of a diagnostic 

code for asthma, along with any of the following: (1) high-dose systemic 

corticosteroid use (≥30 mg, over 3 days consecutively), (2) hospitalisation, 

or (3) emergency-room visit. The time to the first acute exacerbation was 

measured as the duration from the date of initial diagnosis to the first acute 

exacerbation.  

 

7. Statistical analysis 

Variables of each group were compared using the paired t-test and chi-

square analysis. After the proportional hazard assumption was tested, Cox 

proportional hazard models were fit to estimate the all-cause and cause-

specific adjusted hazard ratio (aHR) and 95% confidence interval (CI) in 

the study groups compared with those in the control group. Subsequently, 

multivariate logistic regression analysis was performed to evaluate the 

association between the risk factors and outcomes related to the first acute 

asthma exacerbation. The results are reported as the adjusted odds ratio 

(aOR) with 95% CI. All statistical analyses were performed using SAS 

statistical software (version 9.4; SAS Institute, Inc, Cary, NC) at a 

significance level of 5%.  
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III. RESULTS 

1. Study population 

During the index period, 8,034 asthma patients and 349,436 unmatched 

controls were extracted. Among the controls, 24,102 patients, who were 

matched based on propensity score with asthma patients in a 1:3 ratio, were 

included as the final control group (Figure 2, Table 3). Mean ages were 

58.1 and 57.7 years, respectively. The proportions of ever-smoker, obesity, 

and CCI score were well balanced between the groups. In case of 

comorbidities, the asthma group had a higher proportion of congestive 

heart failure and mild liver disease, but the control group had a higher 

proportion of cerebrovascular disease and diabetes. Among the asthma 

patients, 142 (1.7%) had comorbid bronchiectasis (Table 4). 

 

2. Asthma severity and drug adherence 

A comparison of asthma severity and drug adherence between asthma 

patients with and without bronchiectasis during the two measurement 

periods is shown in Table 5. During the 1-year period after the first asthma 

diagnosis, 112 (78.8%), 29 (20.4%), and 1 (0.7%) cases were classified as 

‘mild’, ‘moderate’, and ‘severe’, respectively, in the asthma-with-

bronchiectasis group, and the proportion of mild cases in this group was 

significantly lower than that in the asthma-without-bronchiectasis group 

(78.8% vs. 88.7%, P<0.001). In case of drug adherence measured with the 

MPR status, asthma-without-bronchiectasis patients showed higher 
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adherence to medications than those in the other group (25.5% vs. 20.4%, 

P=0.032). However, asthma severity and drug adherence during the 1-year 

period before the first asthma exacerbation showed no significant 

difference between the two asthma groups. 
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Figure 2. Flowchart of the study population 



 

- 17 - 

Table 3. Patient characteristics of study subjects before and after propensity score matching 

Variable 

Before matching  After matching 

Asthma 

(n=8,034) 

Control 

(n=306,504) 
P-value 

 Asthma 

(n=8,034) 

Control 

(n=24,102) 
P-value 

Enrolled year - 2005 1,714 (21.3) 78,046 (25.4) <0.001  1,714 (21.3) 5,142 (21.3) >0.999 

 - 2006 1,739 (21.6) 76,827 (25.0)   1,739 (21.6) 5,217 (21.6)  

 - 2007 2,099 (26.1) 76,273 (24.8)   2,099 (26.1) 6,297 (26.1)  

 - 2008 2,482 (30.8) 75,358 (24.5)   2,482 (30.8) 7,446 (30.8)  

Age - 40─59 4,678 (58.2) 215,545 (70.3) <0.001  4,678 (58.2) 14,034 (58.2) >0.999 

 - ≥ 60 3,356 (41.7) 90,959 (29.6)   3,356 (41.7) 10,068 (41.7)  

Gender - Men 3,446 (42.8) 177,856 (58.0) <0.001  3,446 (42.8) 10,338 (42.8) >0.999 

 - Women 4,588 (57.1) 128,648 (41.9)   4,588 (57.1) 13,764 (57.1)  

Smoking status - Ever-smoker 1,870 (23.2) 98,770 (32.2) <0.001  1,870 (23.2) 5,669 (23.5) >0.999 

 - Never-smoker 6,164 (76.7) 207,734 (67.7)   6,164 (76.7) 18,433 (76.4)  

BMI categories† - Underweight 142 (1.7)   6,466 (2.1) <0.001  142 (1.7)  426 (1.7) >0.999 

 - Normal 2,597 (32.3) 110,571 (36.0)   2,597 (32.3) 7,791 (32.3)  

 - Overweight 2,160 (26.8) 85,802 (27.9)   2,160 (26.8) 6,480 (26.8)  

 - Obesity 3,135 (39.0) 103,665 (33.8)   3,135 (39.0) 9,405 (39.0)  

CCI - 0 3,840 (47.8) 198,534 (64.7) <0.001  3,840 (47.8) 11,520 (47.8) >0.999 

 - 1 2,352 (29.2) 65,478 (21.3)   2,352 (29.2) 7,056 (29.2)  

 - 2 1,015 (12.6) 24,299 (7.9)   1,015 (12.6) 3,045 (12.6)  

 - ≥ 3  827 (10.2) 18,193 (5.9)    827 (10.2) 2,481 (10.2)  

Notes: Data are presented as numbers (%)  

†Cut-off values for BMI categories: underweight (<18.5 kg/m2), normal (between 18.5 kg/m2 and 22.9 kg/m2), 

overweight (between 23.0 kg/m2 and 24.9 kg/m2), and obese (≥ 25 kg/m2) 

BMI, body mass index; CCI, Charlson comorbidity score  
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Table 4. Baseline characteristics of the study population 

Characteristics 
Control  

(n=24,102) 

Asthma 

(n=8,034) 
P-value  

Asthma with 

bronchiectasis 

(n=142) 

Asthma without 

bronchiectasis 

(n=7,892) 

P-value 

Age (years) 57.7±9.4 58.1±9.4 0.984  59.2±9.4 58.1±9.4 0.919 

Men 10,338 (42.8) 3,446 (42.8) >0.999  71 (50.0) 3,375 (42.7) 0.084 

Ever-smoker 5,669 (23.5) 1,870 (23.2) 0.653  41 (28.8) 1,829 (23.1) 0.111 

BMI categories†:   >0.999    0.144 

- Underweight 426 (1.7) 142 (1.7)   4 (2.8) 138 (1.7)  

- Normal 7,791 (32.3) 2,597 (32.3)   57 (40.1) 2,540 (32.1)  

- Overweight 6,480 (26.8) 2,160 (26.8)   32 (22.5) 2,128 (26.9)  

- Obese 9,405 (39.0) 3,135 (39.0)   49 (34.5) 3,086 (39.1)  

Comorbidities:        

- Previous MI 217 (0.9) 73 (0.9) 0.945  2 (1.4) 71 (0.9) 0.526 

- CHF 639 (2.6) 270 (3.3) <0.001  4 (2.8) 266 (3.3) 0.716 

- Previous vascular 

disease 
2,207 (9.1) 753 (9.3) 0.562  16 (11.2) 737 (9.3) 0.434 

- Previous CVD 1,827 (7.5) 494 (6.1) <0.001  12 (8.4) 482 (6.1) 0.249 

- Dementia 229 (0.9) 65 (0.8) 0.250  1 (0.7) 64 (0.8) 0.888 
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Notes: Data are presented as numbers (%) or means ± standard deviations 

†Cut-off values for BMI categories: underweight (<18.5 kg/m2), normal (between 18.5 kg/m2 and 22.9 kg/m2), 

overweight (between 23.0 kg/m2 and 24.9 kg/m2), and obese (≥ 25 kg/m2) 

BMI, body mass index; MI, myocardial infarction; CHF, congestive heart failure; CVD, cerebrovascular disease; CCI, 

Charlson comorbidity score 

  

- Rheumatologic 

disease 
945 (3.9) 321 (4.0) 0.765  7 (4.9) 314 (3.9) 0.566 

- Mild liver disease 3,664 (15.2) 1,307 (16.2) 0.022  30 (21.1) 1,277 (16.1) 0.113 

- Diabetes 2,893 (12.0) 890 (11.0) 0.025  15 (10.5) 875 (11.0) 0.843 

- Diabetes with 

chronic 

complications 

1,482 (6.1) 393 (4.8) <0.001  9 (6.3) 384 (4.8) 0.420 

- Hemi- or 

paraplegia 
188 (0.7) 32 (0.4) <0.001  0 (0.0) 32 (0.4) 0.447 

- Renal Disease 145 (0.6) 43 (0.5) 0.499  1 (0.7) 42 (0.5) 0.780 

- Moderate or 

severe liver disease 
101 (0.4) 30 (0.3) 0.578  0 (0.0) 30 (0.3) 0.461 

CCI:   >0.999    0.077 

- 0 11,520 (47.8) 3,840 (47.8)   55 (38.7) 3,785 (47.9)  

- 1 7,056 (29.2) 2,352 (29.2)   43 (30.2) 2,309 (29.2)  

- 2 3,045 (12.6) 1,015 (12.6)   23 (16.2) 992 (12.5)  

- ≥ 3 2,481 (10.2) 827 (10.2)   21 (14.7) 806 (10.2)  



 

- 20 - 

Table 5. Comparison of asthma severity and drug adherence during measurement periods 

Variable Asthma, total 
Asthma with 

bronchiectasis 

Asthma without 

bronchiectasis 
P-value* 

- During 1-year after first diagnosis of asthma - 

Number of patients 8,034 142 7,892  

Asthma severity - Mild 7,119 (88.6) 112 (78.8) 7,007 (88.7) <0.001 

 - Moderate  892 (11.1) 29 (20.4) 863 (10.9)  

 - Severe 23 (0.2) 1 (0.7) 22 (0.2)  

MPR status - Low adherence 4,957 (61.7) 85 (59.8) 4,872 (61.7) 0.032 

 - Medium adherence 1,031 (12.8) 28 (19.7) 1,003 (12.7)  

 - High adherence 2,046 (25.4) 29 (20.4) 2,017 (25.5)  

- During 1-year before first acute exacerbation - 

Number of patients with acute exacerbation(s) 481 16 465  

Asthma severity - Mild 327 (67.9) 11 (68.7) 316 (67.9) 0.173 

 - Moderate  148 (30.7) 4 (25.0) 144 (30.9)  

 - Severe 6 (1.2) 1 (6.2) 5 (1.0)  

MPR status - Low adherence 249 (51.7) 6 (37.5) 243 (52.2) 0.424 

 - Medium adherence 33 (6.8) 2 (12.5) 31 (6.6)  

 - High adherence 199 (41.3) 8 (50.0) 191 (41.0)  

Notes: Data are presented as numbers (%)  

*P-value for comparison between asthma with bronchiectasis group and asthma without bronchiectasis groups 
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3. Clinical outcomes of acute asthma exacerbation  

Among all asthma patients, 481 had acute exacerbation(s). The proportion 

of cases with frequent exacerbations (≥2 times) was higher in asthma 

patients with bronchiectasis (50.0% vs. 36.7%, P = 0.009) (Table 6). They 

showed a shorter time interval from the first diagnosis to the first acute 

exacerbation than those without bronchiectasis (1971.7 days vs. 2479.7 

days, P=0.006) (Figure 3). The proportions of ER visit (11.2% vs. 5.8%, 

P<0.001) and admission (4.7% vs. 2.2%, P<0.001) were also significantly 

higher in the patients with bronchiectasis. 

 

 

 

 

 

 

 

 

   

Figure 3. Kaplan-Meier survival curves for the time to the first acute 

asthma exacerbation  
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Table 6. Clinical outcomes of asthma exacerbations during follow-up period 

Variable 
Asthma, total 

(n= 8,034) 

Asthma  

with bronchiectasis 

(n= 142) 

Asthma  

without bronchiectasis 

(n= 7,892) 

P-value* 

Patients with acute exacerbation(s)  481 (5.9) 16 (11.2) 465 (5.8) 0.007 

Number of acute exacerbation(s)    0.009 

  - 1 302 (62.7) 8 (50.0) 294 (63.2)  

  - ≥2 179 (37.2) 8 (50.0) 171 (36.7)  

Time to first acute exacerbation  2478.0±3.8 1971.7±33.1 2479.7±3.8 0.006 

Number of ER visit  481 (5.9) 16 (11.2) 465 (5.8) <0.001 

Number of Admission  190 (2.3) 9 (4.7) 181 (2.2) <0.001 

Number of ICU care 12 (0.0) 0 (0.0) 12 (0.1) N/A 

Death 55 (0.6) 1 (0.7) 54 (0.6) 0.507 

Notes: Data are presented as numbers (%) or means ± standard deviations 

*P-value for comparison between asthma patients with bronchiectasis and without bronchiectasis 

BRC, bronchiectasis; ER, emergency room; ICU, intensive care unit, MV, mechanical ventilator 
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4. Risk factors for acute asthma exacerbation 

Age (aOR, 1.02; 95% CI, 1.01–1.03), bronchiectasis (aOR, 1.81; 95% CI, 

1.09–2.99), and moderate to severe asthma (aOR, 1.98; 95% CI, 1.58–2.49) 

were identified as the independent risk factors for acute exacerbation of 

asthma. Asthma patients with exacerbation used more pharmacotherapy: 

ICS alone (aOR, 1.80; 95% CI, 1.10–2.93), oral LABA (aOR, 1.27; 95% 

CI 1.27–1.53), LTRA (aOR, 1.29; 95% CI, 1.04–1.60), inhaled SABA only 

(aOR, 3.03; 95% CI, 1.42–6.46), and xanthine (aOR, 1.34; 95% CI, 1.11–

1.63). Contrarily, patients who showed medium-to-high adherence to 

medical therapy had lower risk of asthma exacerbation than the patients 

with low adherence (aOR, 0.61; 95% CI, 0.44–0.84 and aOR, 0.70; 95% 

CI, 0.55–0.88) (Table 7). 

 

5. All-cause or cause-specific mortality rates 

During the follow-up period, 471 of 8034 (5.8%) asthma patients died 

because of respiratory (9.7%), cardiovascular (20.8%), cancer-related 

(36.9%), and miscellaneous causes (32.4%). Among the asthma patients 

with bronchiectasis, 13 of 141 (9.1%) patients died because of respiratory 

(7.6%), cardiovascular (23.0%), cancer-related (53.8%), and 

miscellaneous (15.3%) causes. In the survival analysis for the total study 

population, the cumulative respiratory mortality of asthma patients was 

significantly higher than that of the healthy controls (P=0.011) (Figure 4B). 

However, all-cause mortality was not significantly different between the 



 

- 24 - 

asthma and healthy groups (P=0.687) (Figure 4A). There was also no 

significant difference in all-cause death between the asthma with-and-

without-bronchiectasis groups (P=0.117) (Figure 5A). Only cumulative 

cancer mortality was significantly higher in the asthma-with-

bronchiectasis group than in the asthma-without-bronchiectasis group 

(P=0.027) (Figure 5D).
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Table 7. Multivariate analyses of risk factors for acute asthma exacerbation 

Variable 
Univariate analysis Multivariate analysis 

Adjusted HR (95% CI) P-value Adjusted HR (95% CI) P-value 

Age 1.02 (1.01–1.03) <0.001 1.02 (1.01–1.03) <0.001 

Men 1.02 (0.85–1.22) 0.817 1.01 (0.81–1.26) 0.884 

Ever-smoking 1.18 (0.96–(1.45) 0.107 1.23 (0.96–1.57) 0.097 

Obesity 0.97 (0.51–1.82) 0.924 1.02 (0.54–1.92) 0.950 

Charlson comorbidity index 1.09 (1.02–1.16) <0.001 1.02 (0.95–1.10) 0.461 

Bronchiectasis 1.98 (1.20–3.26) <0.001 1.81 (1.09–2.99) <0.001 

Moderate to severe asthma (Reference: 

mild asthma) 
2.31 (1.86–2.86) <0.001 1.98 (1.58–2.49) <0.001 

MPR categories 

(Reference: Low adherence) 
    

- Medium adherence 0.57 (0.44–0.84) <0.001 0.61 (0.44–0.84) <0.001 
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CI, confidence interval; HR, hazard ratio; MPR, medication possession ratio; ICS, inhaled corticosteroids; LABA, long-acting β2 

agonist; LTRA, leukotriene receptor antagonist; SABA, short-acting β2 agonist; LAMA, long-acting muscarinic receptor 

antagonist; PL, prednisolone

- High adherence 0.60 (0.55–0.88) <0.001 0.70 (0.55–0.88) <0.001 

Asthma medication  

(During 1-year after first diagnosis) 
   

- ICS alone  2.15 (1.32–3.49) <0.001 1.80 (1.10–2.93) 0.018 

- ICS-LABA 2.31 (1.86–2.86) <0.001 - - 

- Oral LABA 1.16 (0.96–1.39) 0.107 1.27 (1.05–1.53) 0.011 

- Patch LABA N/A N/A N/A N/A 

- Inhaled LABA N/A N/A N/A N/A 

- LTRA 1.34 (1.09–1.65) <0.001 1.29 (1.04–1.60) 0.020 

- Inhaled SABA only 5.58 (2.64–11.77) <0.001 3.03 (1.42–6.46) 0.004 

- Oral SABA 1.09 (0.89–1.35) 0.388 - - 

- Xanthine 1.32 (1.09–1.59) 0.003 1.34 (1.11–1.63) 0.002 

- Inhaled LAMA N/A N/A N/A N/A 

- Oral corticosteroids  

(< 10mg PL equiv. dose) 
0.94 (0.41–2.14) 0.894 - - 
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Figure 4. Kaplan Meier survival curve for the all-cause and cause-specific 

mortalities among total study population   
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Figure 5. Kaplan Meier survival curve for the all-cause and cause-specific 

mortalities among asthma patients  
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6. Risk factors for respiratory or all-cause mortality 

Among the variables, age (aHR, 1.21; 95% CI 1.16–1.27), male gender 

(aHR=3.21; 95% CI, 1.64–6.27), and prior acute exacerbation history 

within 1 year (aHR, 4.73; 95% CI 0.44–2.96) were significantly associated 

with increased risk of respiratory death (Table 8). With respect to all-cause 

mortality, age (aHR, 1.12; 95% CI 1.10–1.13), male gender (aHR, 1.87; 

95% CI 1.51–2.31), ever-smoking history (aHR, 1.78; 95% CI 1.44–2.20), 

CCI (aHR, 1.16; 95% CI 1.10–1.23), prior acute exacerbation history 

within 1 year (aHR, 1.60; 95% HR 1.20–2.12), and underweight (aHR, 

1.77; 95% CI, 1.16–2.70) were revealed as the independent risk factors. 

Obesity was shown to be a negative risk factor for all-cause mortality (aHR, 

0.80; 95% CI, 0.66–0.98). When using individual diseases as comorbidity 

variables instead of the CCI, no disease showed a significant association 

with respiratory mortality. In case of all-cause mortality, congestive heart 

failure was identified as an independent risk factor (aHR, 1.66; 95% CI, 

1.23–2.24). In contrast, patients with previous cerebrovascular disease had 

lower risk for all-cause mortality (aHR, 0.35; 95% CI, 1.03–1.76) (Table 

9).  
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Table 8. Multivariate analyses of risk factors associated with respiratory or 

all-cause mortality in asthma patients: Using CCI as comorbidity variable 

*Adjusted for age, men, ever-smoking, CCI, bronchiectasis, moderate to 

severe asthma at diagnosis, presence of acute exacerbation within 1year 

Variable 

Respiratory mortality All-cause mortality 

Adjusted HR 

(95% CI) 
P-value 

Adjusted HR 

(95% CI) 
P-value 

- Model 1 -     

Age  
1.21 

(1.16-1.27) 
<0.001 

1.12 

(1.10-1.13) 
<0.001 

Men 
3.21 

(1.64-6.27) 
<0.001 

1.87 

(1.51-2.31) 
<0.001 

Ever-smoking 
1.39  

(0.72-2.69) 
0.351 

1.78 

(1.44-2.20) 
<0.001 

Obesity 
1.81 

(0.55-5.88) 
0.116 

0.80 

(0.66-0.98) 
0.032 

CCI   
1.04 

(0.86-1.26) 
0.673 

1.16 

(1.10-1.23) 
<0.001 

Bronchiectasis 
0.81 

(0.10-6.11) 
0.844 

1.17 

(0.67-2.04) 
0.575 

Moderate to severe 

asthma at diagnosis 

1.15 

(0.44-2.96) 
0.682 

1.16 

(0.87-1.54) 
0.297 

  Presence of acute 

exacerbation 

history  

within 1 year 

4.73 

(2.47-9.07) 
<0.001 

1.60 

(1.20-2.12) 
<0.001 

- Model 2* -     

Underweight 
1.81 

(0.55-5.88) 
0.322 

1.77 

(1.16-2.70) 
<0.001 
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Table 9. Multivariate analyses of risk factors associated with respiratory or 

all-cause mortality in asthma patients: Using separate diseases as 

comorbidity variable 

Variable 

Respiratory mortality All-cause mortality 

Adjusted HR 

(95% CI) 
P-value 

Adjusted HR 

(95% CI) 
P-value 

- Model 1 -     

Age  
1.21 

(1.16–1.26) 
<0.001 

1.11 

(1.10–1.13) 
<0.001 

Men 
3.01 

(1.52–5.94) 
<0.001 

1.88 

(1.52–2.32) 
<0.001 

Ever-smoking 
1.47 

(0.75–2.86) 
0.254 

1.77 

(1.43–2.19) 
<0.001 

Obesity 
0.60 

(0.30–1.21) 
0.159 

0.80 

(0.66–0.97) 
0.027 

Previous MI 
0.98 

(0.12–7.50) 
0.986 

0.78 

(0.38–1.60) 
0.505 

Diabetes  
1.93 

(0.99–3.77) 
0.052 

1.21 

(0.95–1.53) 
0.118 

Previous CVD 
0.94 

(0.38–2.29) 
0.895 

0.35 

(1.03–1.76) 
0.027 

CHF 
0.86 

(0.30–2.45) 
0.779 

1.66 

(1.23–2.24) 
<0.001 

Bronchiectasis 
0.71 

(0.31–1.61) 
0.417 

1.17 

(0.93–1.47) 
0.157 

Moderate to severe 

liver disease 

3.66 

(0.85–15.65) 
0.079 

2.35 

(1.30–4.25) 
<0.001 

Moderate to severe 

renal disease 

0.83 

(0.11–6.26) 
0.856 

1.19 

(0.68–2.08) 
0.524 

Moderate to severe 

asthma at diagnosis 

1.19 

(0.46–3.10) 
0.714 

1.14 

(0.85–1.51) 
0.365 

Presence of acute 

exacerbation history 

within 1 year 

4.98 

(2.59–9.56) 
<0.001 

1.56 

(1.17–2.07) 
<0.001 

- Model 2* -     

Underweight 
1.89 

(0.57–6.21) 
<0.001 

1.78 

(1.16–2.72) 
<0.001 

*Adjusted for age, men, ever-smoking, previous myocardial infarction, 

diabetes, cerebrovascular disease, congestive heart failure, bronchiectasis, 

moderate to severe liver disease, moderate to severe renal disease, 

moderate to severe asthma at diagnosis, presence of acute exacerbation 

within 1year  
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IV. DISCUSSION 

Non-cystic bronchiectasis is often accompanied by asthma. Although 

bronchiectasis occurs because of various long-term respiratory conditions 

and non-respiratory diseases, including rheumatoid arthritis and human 

immunodeficiency virus infection,30 whether asthma causes bronchiectasis 

is controversial. Nevertheless, the comorbidity rate of bronchiectasis 

among asthma patients in this study was 1.7%, and it was three times 

higher than its prevalence in the general population of Korea.5 This implies 

that there might be a causal relationship between the two distinct airway 

diseases.  

Regarding acute exacerbation, poor clinical outcomes were observed in 

asthma patients with comorbid bronchiectasis. Because more frequent 

exacerbations and shorter time to first exacerbation were observed in the 

comorbid patients, they require more attention for proper asthma control. 

Bronchiectasis is predisposed to microbial colonisation followed by 

dysregulated immunity due to mucus secretion and impaired mucociliary 

clearance,1 and asthma is characterised by dysfunction of innate immunity; 

frequent viral infections and acute exacerbations may occur in asthma 

patients with pre-existing bronchiectasis.31,32 However, it is difficult to 

clearly distinguish which of the two diseases has developed an acute 

exacerbation in patients with coexisting asthma and bronchiectasis.33 

Therefore, severe asthma with bronchiectasis is considered a distinct group 

in terms of disease severity, and microbiology. Performing high-resolution 

computed tomography, and sputum cultures are recommended for 
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uncontrolled asthma to recognise bronchiectasis early and start adequately 

targeted treatment.34 

Moreover, the use of certain asthma medications has shown a significant 

relationship with acute exacerbation. Because the measurement period for 

asthma medications was just after the index date of asthma, some of the 

patients might not have received prescriptions that sufficiently control 

disease severity. Surprisingly, use of inhaled SABA only showed 3.03 

times higher risk of acute exacerbation. The latest open-label-designed 

clinical trial in mild asthma patients reported increased risk of severe 

exacerbations and asthma-related death in patients treated with inhaled 

SABA-only.35 Moreover, use of inhaled budesonide–formoterol as needed 

was superior to the use of inhaled SABA as needed for the prevention of 

exacerbations in adults with mild asthma; therefore, SABA-only treatment 

is no longer recommended in the recent GINA guideline.24 Hence, this 

could constitute additional evidence that prescription of inhaled SABA 

only for asthma patients should be avoided.  

Conversely, better adherence to medical treatment was a negative risk 

factor for asthma exacerbation. Compared to patients with low adherence, 

0.61–0.70 times lower risk of acute exacerbation was observed in patients 

with medium to high adherence. Previously, the relationship between good 

adherence and lower risk of severe asthma exacerbation was demonstrated, 

and it should be emphasised when educating asthma patients.29,36 



 

- 34 - 

In the mortality analysis, bronchiectasis was not an independent risk factor 

for both all-cause and respiratory mortality. Recently, Choi et al. 

demonstrated that bronchiectasis is associated with increased mortality in 

patients with corticosteroid-dependent severe asthma.37 However, our 

study indicated that bronchiectasis itself does not increase respiratory 

mortality of asthma patients without considering the use of systemic 

corticosteroids.  

Recent history of acute asthma exacerbation should be addressed; the 

hazard risk of respiratory death was 4.73 times higher than those without 

acute exacerbation. Death from asthma is a complex phenomenon and is in 

most cases preventable.38 However, mortality among patients hospitalised 

for acute exacerbations accounts for one-third of all deaths from asthma,39 

and this is also consistent with our findings. Hence, proper control of usual 

asthma symptoms to avoid acute exacerbation should be highlighted. 

Additionally, a relationship between BMI and death rate was observed. 

Obesity was associated with decreased risk of death; contrarily, 

underweight increased the hazard risk of all-cause mortality. Our result was 

consistent with the theory of the ‘obesity paradox’, which has been 

reported by studies on the relationship between obesity and improved 

survival rate.40-42 Although the specific mechanism for this paradox 

remains to be elucidated, our results indicated that there is a negative 

correlation between BMI and the survival rate. Hence, proper nutritional 

support for individuals with BMI under 25 kg/m2 is needed to improve the 

survival rate. However, it is early to presume that obesity has protective 
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effect on mortality. Because the specific obesity categories were not 

classified in this study, further subgroup analysis depending on the obesity 

class I to III is needed to determine the actual effect on the mortality risk. 

Moreover, the number of overweight and obese patients account for more 

than half of the study population, indicating that current BMI cut-off points 

for determining overweightness and obesity in Korea might not be 

appropriate. Westernized diets and obesity-related lifestyles have gradually 

raised the prevalence of overweightness and obesity in the Korean 

population.43,44 Therefore, redefining cut-off points for obesity or adding 

new indicator points (23.0, 27.5, 32.5, and 37.5 kg/m2) for public health 

action would be necessary to reflect actual risks for type 2 diabetes and 

cardiovascular diseases as recommended by WHO experts.45 

There are several strengths and limitations in this study. To our knowledge, 

this is the first large-scale study to investigate the effect of comorbid 

bronchiectasis on clinical outcomes of asthma patients, including acute 

exacerbation and death. Additionally, it was conducted with a large-scale 

nationwide health insurance database representing the whole South Korean 

population.46 Conversely, because all variables were extracted based on the 

diagnostic codes, there could be bias due to missing data. Additionally, we 

did not have access to the results of pulmonary function and laboratory 

tests, which are essential to diagnose asthma, severity, and atopic status. 

Moreover, as the operational definition for asthma severity was only 

measured based on the medications used, it did not fully reflect the detailed 

asthma control status depending on individual symptoms, such as daytime 
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symptoms, night waking, and activity limitations. These might contribute 

to misclassification of the asthma control status. Since asthma severity in 

our study was not fully reflected GINA grade, further mortality analysis 

using pulmonary function test results and precise measurement of 

symptomatic scales, such as asthma control test (ACT) or asthma control 

questionnaire (ACQ) should be considered in future study. Also, given the 

observational nature of this study, possible confounding variables, such as 

detailed smoking status, proper use of inhalers, education, or 

socioeconomic status, were not fully collected in the database. Lastly, due 

to small number of severe asthma cases, relationship between severe 

asthma and bronchiectasis could not be evaluated.   
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V. CONCLUSION 

This study found that patients with asthma comorbid with bronchiectasis 

have worse clinical outcomes with respect to acute exacerbation than the 

patients with asthma-only. However, the presence of bronchiectasis is not 

associated with increased risk of all-cause or respiratory mortality. These 

results suggest that early appropriate diagnosis of bronchiectasis may be 

required for asthma patients who experience frequent exacerbations.  
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ABSTRACT (IN KOREAN) 

 

천식과 기관지확장증이 동반된 환자의 예후 분석 

: 국내 국민건강보험 자료를 이용한 연구 

 

<지도교수 박중원> 

 

연세대학교 대학원 의학과 

 

이 상 철 

 

 

연구배경: 천식과 기관지확장증은 흔한 만성 기도질환으로, 

이들 질환의 동반 이환은 빈번하게 관찰된다. 하지만 천식 

환자에서 기관지확장증의 동반이 예후에 미치는 영향력은 

잘 알려져 있지 않은 상태이다. 본 연구에서는 천식에서 

기관지확장증 동반이 미치는 영향을 확인하고자 한다.  

연구방법: 본 연구는 성향점수 매칭을 이용한 코호트 연구

로, 2002―2003년 기간 중 건강검진을 시행한  40―79세의 

수검자들의 정보를 포함하는 국민건강보험 건강검진코호트 

데이터베이스에서 추출한 자료를 이용하였다. 2005―2008

년 기간 중 8,034명의 천식 환자를 성향 점수에 기반하여 

1:3 비율로 매칭된 24,102명의 대조군과 비교 분석하였다. 

전체 천식 환자 중 기관지확장증과 동반 이환된 환자는 

142명 (1.7%), 천식만을 단독 진단 받은 환자는 7,892명 

(98.2%) 이었다. 연구 그룹들 내에서 급성 천식 악화 및 
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사망률과 관련한 임상 지표를 비교 분석하였다.  

연구결과: 천식 환자에서 기관지확장증의 유병률 (1.7%)은 

국내 전체 유병율에 비해 3배 가량 높은 결과를 보었다. 

기관지확장증이 동반된 천식 환자는 단일 천식 환자에 비

해 급성악화를 빈번하게 경험하였다 (11.2% vs. 5.8%, P = 

0.007). 천식 진단 이후 첫 급성악화까지의 경과 시간 역

시 천식 및 기관지확장증 동반 이환 군에서 더 짧았다 

(1971.7일 vs. 2479.9일, P = 0.006). 기관지확장증은 천식

의 급성악화 발생 위험을 높이는 독립적인 위험인자 (위험

비 1.81, 95% 신뢰도 1.09―2.99) 였지만, 총 사망률 및 

호흡기계 사망률과 유의미한 상관관계를 보이지 않았다 

(위험비 1.17, 95% 신뢰도 0.67―2.04 그리고 위험비 0.81, 

95% 신뢰도 0.10―6.11). 

결론: 기관지확장증의 동반은 천식의 급성 악화를 증가시

키는 요인임을 확인할 수 있었지만, 사망 발생의 위험을 

증가시키지는 않았다. 잦은 악화를 경험하는 천식 환자에

서 기관지확장증의 정확한 진단과 면밀한 관찰이 필요하다. 

                                                       

핵심되는 말: 천식, 기관지확장증, 사망률, 이환률, 중증도 


